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Preventing obesity in zoo animals is increasingly recognized as an important husbandry objective. To 
achieve this goal, body condition scoring (BCS) systems are available for an ever-increasing number of 
species. Here, we present a BCS for the greater one-horned rhinoceros (Rhinoceros unicornis) based on 
an evaluation (on a scale from 1-5) of 7 different body regions, and report resulting scores for 62 
animals from 27 facilities, based on digital photographs. In animals above 4 years of age, this BCS 
correlated with the body mass:shoulder height ratio. Although differences between the sexes for 
individual regions were noted (with consistently higher scores in males for the neck, shoulder and rump, 
and in parous females for the abdomen), the average BCS of all regions did not differ significantly 
between males (4.3 ± 0.4) and females (4.1 ± 0.5). In a very limited sample of 11 females, those 8 that 
had been diagnosed with leiomyoma in a previous study had a higher BCS (range 3.9-4.9) than the 3 that 
had been diagnosed as leiomyoma-free (range 3.5-3.7). The BCS was correlated to the amount of food 
offered as estimated from the questionnaire. Adjusting the amount and the nutritional quality of the diet 
components is an evident measure to maintain animals at a target BCS (suggested as 3-3.5). 
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Verhältnis. Obwohl Geschlechterunterschiede zwischen einzelnen Regionen festgestellt wurden 
(durchwegs höhere Werte bei Männchen für Nacken und Schulter und bei paren Weibchen für das 
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RESEARCH ARTICLE 
Body Condition Scoring System for Greater 
One-Horned Rhino (Rhinoceros unicornis): 
Development  and Application 
Eva M. Heidegger,1  Friederike von Houwald,2  Beatrice Steck,2  and Marcus  Clauss1* 
1Clinic for Zoo Animals, Exotic Pets and Wildlife, Vetsuisse Faculty, University of Zurich, Zurich,   Switzerland 
2Zoo Basel, Basel, Switzerland 
 
Preventing obesity in zoo animals is increasingly recognized as an important husbandry objective. To achieve this goal, body 
condition scoring (BCS) systems are available for an ever-increasing number of species. Here, we present a BCS for the 
greater one-horned rhinoceros (Rhinoceros unicornis) based on an evaluation (on a scale from 1 to 5) of seven different body 
regions, and report resulting scores for 62 animals from 27 facilities, based on digital photographs. In animals above 4 years of 
age, this BCS correlated with the body mass:shoulder height ratio. Although differences between the sexes for individual 
regions were noted (with consistently higher scores in males for the neck and shoulder and in parous females for the 
abdomen), the average BCS of all regions did not differ significantly between males (4.3 ± 0.4) and females (4.1 ± 0.5). 
Linking the BCS to results of a questionnaire survey and studbook information, there were no differences in BCS between 
animals with and without foot problems or between parous and non-parous females. In a very limited sample of 11 females, 
those eight that had been diagnosed with leiomyoma in a previous study had a higher BCS (range 3.9–4.9) than the three that 
had been diagnosed as leiomyoma-free (range 3.5–3.7). The BCS was correlated to the amount of food offered as estimated 
from the questionnaire. Adjusting the amounts and the nutritional quality of the diet components is an evident measure to 
maintain animals at a target BCS (suggested as 3–3.5). Zoo Biol. XX:XX–XX, 2016.          © 2016 Wiley Periodicals, Inc. 
 
Keywords: rhinoceros; body condition; obesity; feeding; reproduction; foot lesion 
 
 
 
INTRODUCTION 
The greater one-horned rhinoceros (Rhinoceros 
unicornis, GOH-rhino) is currently the least threatened of 
the three still-existing  Asian  rhinoceros  species.  It  can  be 
found in seven Indian National Parks and Wildlife 
Sanctuaries, as well as in two National Parks and one 
Wildlife Sanctuary in Nepal [von Houwald et al., 2014]. 
According to the International Union for Conservation of 
Nature and Natural Resources (IUCN), the population in the 
wild is classified as “vulnerable” [Talukdar et al., 2008] and 
with current numbers ranging around 3,400 individuals [von 
Houwald et al., 2014], it is still far from a “near threatened” 
status. In contrast, the other Asian rhino species, the 
Sumatran (Dicerorhinus sumatrensis) and the Javan rhinoc- 
eros (Rhinoceros sondaicus), are critically endangered  [van 
Strien et al.,  2008a,b].  Rhinos  represent  examples  of 
species where  improvements  of  the  management  of  ex 
situ populations are important components of the overall 
preservation efforts. 
Zoos and wildlife parks play an active role in 
conservation through establishing breeding programs and 
creating awareness for animal protection and welfare. The 
international studbook listed 207 (males.females.unknown: 
105.100.2) GOH-rhinos in 73 institutions at the end of the year 
2014. Currently, 24 European zoos are housing 65 individuals 
(31.34) and 79 animals (38.41) are living in 29 North 
American zoos and wildlife parks [von Houwald et al., 2014]. 
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To maintain viable populations, it is important to know the 
health problems that potentially have to be faced when 
keeping GOH-rhinos to prevent as many medical conditions 
as possible. 
The most frequently reported health issues in captive 
adult GOH-rhinos are gastrointestinal or pulmonary 
diseases,  foot  problems,  or  uterine  leiomyoma  [Montali 
et   al.,   1982;  Göltenboth,   1995;   von   Houwald,   2001; 
Atkinson et al., 2004; Wyss et al., 2012; Hermes et al., 
2014]. These two latter problems are suspected to be 
associated with, among other factors, obesity, and most of 
the animals with these problems were reported to be in a 
body condition at time of death that was scored as “good” by 
the respective pathologists, most likely indicating animals 
that were not emaciated but had various degrees of adipose 
tissue stores [Wyss et al., 2012]. While foot lesions are not 
triggered by obesity, obesity may exacerbate existing lesions 
and delay the healing process [von Houwald, 2001]. Obesity 
can also affect reproduction. In black rhinoceros (Diceros 
bicornis), nulliparous females were scored higher in body 
condition than parous females [Edwards et al., 2015]. 
Similarly, captive female African elephants with a higher  
body  mass  (BM)  are  more  likely to be acyclic [Freeman 
et al., 2009; Morfeld and Brown, 2014]. Obesity is a 
common problem in  zoo animal husbandry, due to the lack 
of exercise and over- supplementation of energy [e.g. 
Schwitzer and Kaumanns, 2001; Clauss and Hatt, 2006; 
Videan et al.,    2007]. 
GOH-rhinos often receive a diet with a restricted 
amount of concentrates and an ad libitum amount of roughage 
[Clauss et al., 2005]. They are classified as mixed feeders from 
an ecological point of view, because they ingest, in addition to 
grasses that represent the majority of their natural diet, also 
some browse and wild fruit. However, this classification may 
erroneously lead to feeding regimes with increased amounts of 
concentrates or commercial fruit [Clauss and Hatt, 2006]. 
Even with a roughage-only diet, the daily energy intake may 
still be higher in individual cases than the estimated 
maintenance requirement [Clauss et al., 2005]. 
Monitoring the weight of an animal continuously over 
time is probably the best option to check for changes in 
nutritional status, but using body weight only may be 
difficult, because the average body weight for stages of 
growth, maintenance, or pregnancy, have yet to be defined, 
and because of inter-individual variation. Also, it evidently 
requires the availability of scales, which are considered a 
prerequisite for any new GOH-rhino facility [von Houwald, 
2016, pers. comm.], but may not be available at all facilities 
currently keeping these animals. 
Body condition scoring (BCS) systems are often- used 
tools in veterinary practice to specify the animal’s nutritional 
status and to help the observer to achieve reproducible 
results. They are  standardized  systems,  where certain  body  
regions  are  visually  assessed  and  the perceived amounts 
of subcutaneous fat and muscle are determined  from  the  
body  contour.   
These systems are being more and more propagated as 
management tools for various zoo-kept species [Bray and 
Edwards, 2001], and BCS systems have been published for 
the white rhinoceros (Ceratotherium simum) [Keep, 1971; 
Versteege and van den Houten, 2011], the black rhinoceros 
[Reuter and Adcock, 1998], tapirs (Tapirus spp.) [Clauss et 
al., 2009], and repeatedly for elephants [Wemmer et al., 
2006; Fernando et al., 2009; Morfeld et al., 2014]. To 
date, to our knowledge, no such score is available for GOH-
rhinos. Therefore, the aim of this study was to establish a 
standardized BCS system for GOH-rhinos. Data about feeding 
practice, husbandry conditions, and health and reproductive 
status of GOH-rhinos were collected. We expected that the 
BCS would be independent of absolute measures of body 
mass or shoulder height (SH), but that it would correlate with 
the ratio of these two measures as an objective proxy for body 
condition; additionally, we expected that the BCS should 
correlate with the amount of food offered. In particular, we 
wanted to test whether differences in reproductive status or 
reproductive diseases correlated with the BCS, indicating a 
negative effect of obesity as suggested in elephants [Freeman 
et  al.,  2009;  Morfeld  and  Brown,  2014]  or  black rhinos 
[Edwards et al., 2015]. 
 
 
METHODS 
Survey 
A survey in conjunction with a detailed photo 
instruction was sent to all 54 GOH-rhino keeping facilities 
in Europe and the US. The survey contained questions about 
the animals (body mass, shoulder, and hindquarter height, 
including historical measurements that were available from 
different time points for the same individual in several 
facilities), feeding practice (composition and amount of  diet, 
feeding frequency), enclosure (substrate, size, group 
composition), and the reproductive and veterinary history 
(foot or skin problems, reproductive problems). The photo 
instruction was sent with a description of how standardized 
pictures should be taken (Fig. 1). 
For each animal in the collections, seven pictures from 
three different angles (one from each side, one  directly from 
behind, and one from half behind of each side) were 
requested. Two pictures from each side were required, 
because in white and black rhinos, it had become evident  
that the neck  must be  evaluated  in  a head-up and -down 
position for a satisfactory evaluation [Keep, 1971; Reuter 
and Adcock, 1998]. Most pictures were received as digital 
images of varying resolution; for two animals, pictures were 
scanned and sent by mail. Additional information on 
individual animals was taken from the studbook (e.g., 
reproductive  history,  age),  from  Hermes et al. [2014], and 
from the survey results. Based on the veterinary information 
provided, animals were considered as having mid- or long-
term foot problems (during the last 4 years) typical for 
GOH-rhinos if the information listed,
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Fig. 1. The seven different views requested for each individual greater one-horned rhinoceros (Rhinoceros unicornis) for the evaluation 
of body condition. 
 
 
for example, cracks, fissures, foot pad overgrowth [von 
Houwald, 2016]; animals reported to have, for example, 
“lameness around the knee” or “fractured metatarsal bone” or 
a condition that healed within a short time period were not 
considered as having “foot problems.” For those facilities 
that responded with amounts of different diet items offered 
per animal on a daily basis, a total dry offer  of the winter 
feeding regime was estimated by adding dry diet ingredients 
(hay, pelleted feeds, grains, bread) to the sum of fresh diet 
items (fruits and vegetables); following Flores-Miyamoto et 
al. [2005], the latter were corrected for a moisture content  of 
85%. 
 
Body Condition Score Development 
Twenty-seven GOH-rhino keeping facilities (20 from 
Europe, 7 from the US) participated in the survey and sent the 
requested pictures and information. Photographs of a total of 
62 animals (30.32) were evaluated. The pictures obtained 
from the zoos were then evaluated using the existing body 
condition scoring system for black and white rhinos. In order 
to understand the anatomical descriptions necessary for the 
BCS, a self-compiled nomenclature was defined, due to the 
lack of a generally accepted terminology for the skin folds and 
body regions of GOH-rhinos [Laurie et al., 1983; Dinerstein, 
1991] (Fig. 2a). The key body features used in these scores 
were taken as points of reference, which were: neck, shoulder, 
ribs, spine, rump, abdomen, and the tail base [Keep, 1971; 
Reuter and Adcock, 1998] (Fig. 2b). During this initial 
assessment process it became obvious that not all body 
features used in the existing scores could be transferred to 
GOH-rhinos. 
The different body regions used for assessment were 
all evaluated individually and compared to the existing body 
condition scores for white and black rhinos [Keep, 1971; 
 
Reuter and Adcock, 1998]. The final description of the BCS 
is given in Table 1, with examples for the five general scores 
in Figure 3. Manipulation of photos included a cropping of 
the image to reduce background, an adjustment of brightness 
in some cases, and mirroring for didactic purposes (to have 
all animals in Fig. 3 in the same direction). Specific 
considerations for the individual body regions are described 
in the following paragraphs. 
 
Neck 
In white rhinos, the first visual sign of deteriorating 
condition is a groove along the dorsal part of the neck due to 
the reduction of the fat deposit over the funicular part of the 
nuchal ligament. In early stages it is best seen when the head 
is down, because when the head is up, the muscles contract 
and tend to obscure the groove [Keep, 1971]. The neck 
groove is visible in GOH-rhinos as well. Due to overlapping 
of the posterior cervical fold, there is no development of a 
prescapular groove (due to hollowing out of the muscles in 
front of the shoulder blade) like in black rhinos [Reuter and 
Adcock, 1998]. In GOH-rhinos,  the  general  appearance  of 
the neck is judged, whether it appears thick, round, well-
muscled, flat, or narrow, as well as the presence of a neck 
groove, which becomes visible with early stages of condition 
loss. 
 
Shoulder 
In black rhinos the shoulder area shows a rounded 
appearance [Reuter and Adcock, 1998], which was found 
hard to assess in GOH-rhinos because of the skin folds    and 
the lack of distinctive roundness. Contrary to the white and 
black rhinos, the anterior border of the scapula is not visible 
in GOH-rhinos due to the position of the posterior cervical 
fold [Keep, 1971; Reuter and Adcock, 1998]. When 
Rhinoceros bicornis Body  Condition    7 
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Fig. 2. a) The nomenclature for the skin folds and body regions for greater one-horned rhinoceros (Rhinoceros unicornis) used throughout 
this study. b) The body regions used to assess the body condition. 
 
assessing GOH-rhinos, the general appearance, especially 
the part caudal of the scapula, is important. It is assessed, 
whether the shoulder region seems well muscled or hollowed 
out, and whether the spine of the scapula is visible completely, 
only in part, or not at all. 
 
Ribs 
The ribs of black and white rhinos in an obese to slight 
overweight condition are covered with thick skin folds 
[Keep, 1971; Reuter and Adcock, 1998]. This can lead to a 
“ribby” appearance and is not to be mistaken for a thin 
condition. GOH-rhinos also develop such skin folds, but they 
are not as distinctive as in the other species. 
 
Spine 
As condition decreases, a back groove becomes 
visible, which means the back hollows out on either side   of 
the spine due to loss of subcutaneous fat and muscle wasting. 
This back groove becomes visible in white, black, and GOH-
rhinos.  
 
 
 
Rump 
 
In black rhinos, the bony protuberances are used as 
main indicators for assessing the rump region [Reuter and 
Adcock, 1998]. In GOH-rhinos, the posterior cross fold 
and the upper croup fold make the assessment of this region 
difficult. The muscles that fill the rump region were used 
for indication. For best assessment, three different angles 
were used to evaluate this region: the rear view directly 
from behind and each side view from a 45° angle from 
behind. 
 
Abdomen 
In black rhinos there is the development of a skin fold 
of the flank, when condition is lost. However, in white 
rhinos, this flank fold is nearly always present [Keep, 
1971], yet it may become more prominent if condition is 
lost. In GOH-rhinos, the posterior cross fold proceeds 
toward the abdomen, creating the flank fold, thus being 
always present. The prominence may vary; it is suggested 
that the filling status of the intestinal tract and the hydration 
8   Heidegger et al. 
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status influence the prominence of the flank fold [Reuter and 
Adcock, 1998]. For GOH-rhinos, we focused on the general 
appearance of the abdomen, whether it appeared distended 
or pulled in, and how much of the abdomen is seen below 
the flank fold. 
 
Tail base 
The amount of subcutaneous fat around the tail base 
also indicates the condition of GOH-rhinos. The tail base can 
be broad and round in an animal in obese condition to thin 
and bony in an animal in thin condition. This body region is 
best assessed with the tail not moving, resting in a 
physiological position, and from an angle directly from 
behind. 
 
Body Condition Score Application 
Each animal was given a score by the same observer 
(EMH). Two animals (1.1) were about 6 months old, five 
animals (2.3) were between 1 and 2 years old, three animals 
(3.0) were between 2 and 3 years old. No animal was between 
3 and 4 years old. Fifty-two animals (24.28) were between  
4 and 45 years old; 20 of these females were parous. Every 
body region was assessed and scored separately (1–5, 0.5 
increments), and then the mean value of all regions was 
calculated. In doing so, all the regions were considered 
equally important; nonetheless, the more extensive body 
regions or the regions with larger muscles groups were easier 
to evaluate compared to the tail base, which only has 
subcutaneous fat as a reference point. It was allowed to have 
different scores for the different body regions in one animal. 
 
Statistics 
Data for the investigated animals were assessed, as 
indicated by normal distribution as assessed by the 
Kologorow–Smirnow test, using parametric or non- 
parametric tests for correlations (Pearson’s R or Spearman’s 
ρ, respectively) and for differences between subgroups (t-test 
or U-test, respectively). Subgroups were formed based on 
information from the studbook, survey, or the literature 
[Hermes et al., 2014]. These subgroups mostly contained 
only a fraction of all animals scored, and the respective 
sample sizes are mentioned in the results. Due to the 
generally limited sample size,  no  multiple  regression was 
attempted. Analyses were performed in SPSS 21.0 (SPSS, 
Inc., Chicago, IL), setting the significance level to 0.05. 
 
RESULTS 
The patterns of age and size or body mass in the 
evaluated animals corresponded to that in the overall historical 
dataset that included multiple measurements in individual 
animals (Fig. 4). These data patterns justify the inclusion of 
animals from the age of approximately 4 years on in statistical 
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Fig. 3.   Pictures of individual greater one-horned rhinoceroses (Rhinoceros unicornis) showing the different body conditions scores. BCS 
2 taken in an animal prior to euthanasia for old age; the animal is otherwise represented in the dataset with a BCS of 3. Photos from the 
participating institutions, except BCS 1, which was kindly provided by Stanley Breeden. 
 
 
evaluations; this corresponds to the onset of sexual maturity of 
females in captivity [von Houwald et al., 2014]. 
Considering animals from 4 years of age onwards, 
males were on average taller at the shoulder and heavier than 
females (Table 2). Applying the BCS developed for this study, 
in the animals from 4 years of age onwards, males and females 
did not differ significantly (Table 2, Fig. 5). However, when 
investigating the scores of the individual body regions 
separately, males had significantly higher scores for the 
neck, the shoulder, and the rump, whereas females had higher 
scores for the abdomen (Table 2). Of the 24 males and the 28 
females, 14 and 20 animals, respectively (or 58 and 71 %), had 
a difference in the BCS of individual body regions of 1 or less. 
Six males and five females (or 25% and 18%), respectively, 
had a difference of 1.5, and four males and three females (or 
17% and 11%) had a difference of 2. 
In the animals from 4 years of age onwards, there was 
no correlation between age and BCS (Fig. 6A, R = 0.03,         
P = 0.852, n = 52), shoulder height and BCS (Fig. 6B,             
R = 0.18, P  =  0.232, n = 47) or body mass and BCS (Fig. 6C, 
R = 0.33, P = 0.078, n = 29). However, there was a 
significant correlation between the BM:SH ratio and BCS 
(Fig. 6D, R = 0.48, P = 0.013, n =  26). 
When classifying the females from 4 years onwards as 
parous (n = 20) or non-parous females (n = 8) according to 
 
studbook information, no difference in BCS was evident 
(parous   4.1 ± 0.5   vs.    non-parous    females  3.9 ± 0.2,   
P = 0.171). Analyzing the BCS for the individual body 
regions also did not result in any significant difference, 
except for the BCS of the abdomen; parous females had 
significantly (P < 0.001) higher abdomen scores (4.4 ± 0.5, 
range 3.5–5.0) than non-parous females (3.4 ± 0.2, range 
3.0–4.0). 
Our sample of females overlapped with that of Hermes 
et al. [2014] by 11 animals, of which eight were classified by 
those authors as having leiomyoma (aged 13–22 years at the 
time of evaluation and 15–28 years at the time of BCS 
scoring; note that leiomyoma evaluations spanned a period of 
about 10 years), and three were leiomyoma-free (aged 8–12 
years at the time of evaluation and 9–24 years at the time of 
BCS scoring). In the responses to our survey, for six of the 
eight animals classified as having leiomyoma by Hermes  et 
al. [2014] this diagnosis was also stated. In the three animals 
considered leiomyoma-free by Hermes et al. [2014], very 
detailed veterinary histories were provided that did not 
indicate reproductive problems up to the date of BCS 
scoring. The BCS of these two groups showed no overlap, 
being 4.5 ± 0.4 (range 3.9–4.9) in the leiomyoma animals 
versus 3.6 ± 0.1 (range 3.5–3.7) in the animals without 
leiomyoma (U-test P =  0.012). 
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Fig. 4. Age, shoulder height, and body mass in the individual greater one-horned rhinoceroses (Rhinoceros unicornis) scored for body 
condition in this study. Background data for males (filled circles) and females (empty circles) from historical data from captive individuals 
(incl. multiple measures per individuum). 
 
Classifying animals from 4 years onwards as those 
with (n = 18) and without (n = 34) foot problems did not 
result  in  a  difference  in  BCS  (4.2 ± 0.4  vs.  4.1 ± 0.5,   
P = 0.604). There were no significant correlations between 
the BCS and other enclosure measurements such as size of 
outdoor enclosure. Enclosure characteristics did not differ 
for animals without and with foot problems. 
The facilities that responded to the survey offered a 
variety of roughages (mainly grass hay, but also straw   and 
lucerne hay), pelleted compound feed, and fruit and 
vegetables, with rare occasions of bread or grain feeding. 
Fruits and vegetables ranged from 0 to 25 kg as fed per 
animal and day. The estimated dry mass offered of all diet 
items combined (for 22 facilities with 43 animals older than 
4 years) per animal and day ranged from 15 to 46 kg. There 
were negative correlations between the amount of roughage 
offered and the amount of pelleted feeds (ρ = -0.51,             
P = 0.001) or fruits and vegetables (ρ = -0.34, P = 0.027) 
 
Table 2. Body mass, age, height measurements, and body condition scores in male and female greater one-horned rhinoceros 
(Rhinoceros unicornis) older than 3 years  
Males Females P 
 
Body mass (kg) 2031 ± 364 1711 ± 221 0.012 (t-test) 
(1441–2500, n = 13) (1197–2026, n =16) 
Age (years)* 15.6 18.7 0.898 (U-test) 
(4.0–34.0, n = 24) (4.7–45.7, n =28) 
Shoulder height (cm) 175 ± 13 162 ± 7 <0.001 (t-test) 
(154–194, n = 23) (147–175, n =24) 
Hindquarter height (cm) 177 ± 11 164 ± 6 <0.001 (t-test) 
(157–198, n = 23) (152–175, n= 24) 
Body mass:shoulder height  ratio (kg/cm) 11.6 ± 1.6 10.5 ± 1.1 0.051 (t-test) 
(9.2–13.9, n = 12) (8.0–11.8, n = 14) 
Body condition score (total) 4.3 ± 0.4 4.1 ± 0.5 0.181 (t-test) 
(3.6–4.9, n = 24) (3.0–4.9, n = 28) 
BCS neck* 5.0 4.0 0.001 (U-test) 
(3.5–5.0, n = 24) (2.5–5.0, n = 28) 
BCS shoulder* 5.0 4.0 0.001 (U-test) 
(3.5–5.0, n =24) (3.0–5.0, n =28) 
BCS ribs* 4.0 4.0 0.159 (U-test) 
(3.0–5.0, n = 24) (3.0–5.0, n = 28) 
BCS spine* 4.0 4.0 0.469 (U-test) 
(3.0–5.0, n = 24) (2.5–5.0, n= 28) 
BCS abdomen* 4.0 4.0 0.042 (U-test)a 
(3.0–5.0, n =24) (3.0–5.0, n = 28) 
BCS rump* 4.5 4.0 0.001 (U-test) 
(4.0–5.0, n= 24) (3.0–5.0, n = 28) 
BCS tailbase* 4.0 4.0 0.682 (U-test) 
(3.5–5.0, n = 24) (3.0–5.0, n = 28) 
Data given as means ± standard deviation (range) when normally distributed; difference assessed by t-test. 
*Data not normally distributed, given as median (range); difference assessed by U-test. 
aHigher values in females. 
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Fig. 5. Distribution of the individual male and female greater one- 
horned rhinoceroses (Rhinoceros unicornis) scored for body 
condition in this study. 
 
 
in these diets. The total estimated dry amount of all diet items 
was significantly correlated to the overall BCS (R = 0.38,      
P = 0.013;  Fig.  7). Neither the  amount  of  roughages            
(ρ = 0.10, P = 0.516) nor the amount of pelleted feeds alone 
(ρ = 0.12, P = 0.440) were correlated to the BCS; for 
fruits and vegetables, the correlation approached significance 
(ρ = 0.28, P = 0.074). 
 
DISCUSSION 
The present study provides a BCS for greater one-
horned rhinos that was based on BCS for black and white 
rhinos [Keep, 1971; Reuter and Adcock, 1998; Versteege 
and van den Houten, 2011] and comprises some species-
specific modifications. It suggests that the captive population 
under study is comprised of animals ranging from ideal to 
obese body conditions, with no alarmingly thin animals, 
similar to a previous suggestion for this species [Clauss and 
Hatt, 2006]. As expected, the BCS did not correlate with age, 
shoulder height, or body mass, but showed a correlation with 
the BM:SH ratio. The relationship of body mass to a length 
or height measure, which is in itself unresponsive to the 
current nutritional status, is common practice when 
evaluating body condition [e.g., Stirrat, 2003; Barthelmess et 
al., 2006; Cabezas et al., 2006; Labocha et al., 2014]. Such a 
ratio is also used for humans to achieve a rough assessment  of  
the  body  condition,  the  body  mass  index (BMI). It sets 
the body weight in relation to the height (kg/m2) [e.g., 
Pietrobelli et al., 1998]. Evidently, recording the actual body 
mass and shoulder height on a regular basis 
 
 
 
 
 
Fig. 6. Relationships in greater one-horned rhinoceroses (Rhinoceros unicornis) between body condition score (BCS) and a) age, b) 
shoulder height, c) body mass, and d) the body mass:shoulder height ratio. 
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Fig. 7. Relationship between the daily amount of food offered per 
animal (estimated from the diet survey) and the body condition 
score (BCS) of the individual male and female greater one-horned 
rhinoceroses (Rhinoceros unicornis) of this study. 
 
 
represents the most objective approach to condition monitor- 
ing; the widespread use of BCS is not due to a methodological 
superiority but to the imperative of the logistics involved. 
Unfortunately, a validation by ultrasound was beyond 
the capacities of our study. This would have allowed a 
quantification of the subcutaneous fat layer [Domecq et al., 
1995; Alapati et al., 2010; Morfeld et al., 2014], and possibly 
also allowed to differentiate between subcutaneous fat and 
muscle tissue, which could have helped explain differences in 
regional BCS scores observed between the sexes (Table 2). 
Such validation would be welcome in the future, as would be a 
routine comparison of BCS scored immediately prior to the 
death of an animal and body condition as assessed by necropsy 
[e.g., Lane et al., 2014]. Additionally, a survey of BCS of 
free-ranging GOH-rhinos would be valuable for comparison. 
Male GOH-rhinos had significantly higher scores for 
the neck, the shoulder, and the rump (Table 2), presumably 
due to the natural sexual dimorphism. Males in the wild have 
massive neck and upper shoulder muscles; because they fight 
with their incisors, these muscles are needed to deliver the 
necessary strength and force for fighting. They also show 
enlarged skin folds around the neck (so-called “bibs”), which 
are used for display in interaction with rival males and serve 
as a guard for wounds inflicted by the incisors [Laurie et al., 
1983; Dinerstein, 1991]. Measure- ments of the neck in wild 
breeding males are larger than in females, due to greater 
muscles mass and enlarged skin folds at this site [Dinerstein, 
1991]. To our knowledge, a similar difference for the rump 
area has not been described, and given the lack of ultrasound 
examinations, we cannot decide whether this reflects more 
muscle or more subcutaneous fat in this area. On the other 
hand, females had higher scores than males for the abdomen, 
and parous females had significantly higher abdomen scores 
than non-parous females. This is probably due to gestation 
and the associated stretching of muscles, tissue, and skin. 
These findings raise the question whether separate 
scores should be promoted for male and female GOH-rhinos. 
Given the overall similarity in BCS in males and females in 
Table 2, as well as the limited (though significant) magnitude 
of the difference in scores, we propose that using one general 
GOH-rhino-BCS represents the most practical option. The 
slightly elevated values in males could play a role in a general 
evaluation whether an animal should be considered 
overweight or of ideal condition, and a differential look at 
the individual body regions may be warranted in such a case. 
For monitoring body condition of individuals over time, 
including assessment of the effect of a change in husbandry 
or dietary management, such differences will not be relevant. 
In our view, following a formalized procedure, such as 
having a person do the scoring that does not have day-to-day 
contact with the animals (to avoid habituation to gradual 
changes), and first scoring the individual body regions and 
then calculating and assessing the average with sex-specific 
characteristics in mind, will probably increase the consis- 
tency and repeatability of the measurements. 
Elevated BCS are suggested to be linked to reproductive 
problems in different species [Audige et al., 1998; Freeman 
et al., 2009; Morfeld and Brown, 2014; Edwards et al., 2015]; 
especially females should be kept in ideal condition to reduce 
reproductive problems. In the GOH-rhinos of this study, BCS 
did not differ significantly between parous and non-parous 
females. For this species, the occurrence of leiomyoma is of 
particular interest. Leiomyoma are benign tumors of the 
smooth muscle tissue and are rather rare in domestic animals, 
probably due to the frequent use of ovariohysterectomy in pet 
animals and the comparatively short lifespan of production 
animals.  These benign  tumors  of  the  genital  tract  are a 
common finding in GOH-rhinos [Montali et al., 1982; 
Göltenboth, 1995; Wyss et al., 2012; Hermes et al.,   2014], 
white rhinos [Radcliffe et al., 2000; Hermes et al., 2004, 2006; 
Wilson et al., 2010], or Sumatran rhinos [Schaffer et al., 1994, 
2002]. Investigating 34 individual GOH-rhino females (42% 
of the captive population in 2011), Hermes et al. [2014] found 
that while none of the 11 animals up to 12 years of age had 
leiomyoma, all of the 23 animals older than 12 years did; one 
of the suggested risk factors is a lack of breeding activity in 
animals that have become sexually mature. 
In humans, obesity is one among the many factors often 
mentioned to increase the risk for leiomyoma [Ross et al., 
1986; Shikora et al., 1991; Sato et al., 1998; Faerstein et al., 
2001; Wise et al., 2005; Takeda et al., 2008; Yang et al., 2014; 
Sommer et al., 2015]. Parous women appear to have a lower 
risk of uterine leiomyoma than nulliparous women [Ross   et 
al., 1986; Parazzini et al., 1988, 1996; Wise et al., 2004]. One 
study showed that the incidence rate was only lower in 
parous women with a normal or low body mass index, which 
leads to the assumption that obesity may extenuate the positive 
effect of parity [Wise et al., 2004]. Given that in those 11 
animals investigated by Hermes et al. [2014] that were also 
available for body condition scoring in the present study, a 
difference  in  BCS  between  animals  with  and  without 
Rhinoceros bicornis Body  Condition    11 
 
13 
 
leiomyoma was evident, it appears reasonable to suggest that 
maintaining GOH-rhinos at an intermediate BCS of 3–3.5 
might be an additional prophylactic strategy to supplement 
other efforts to reduce the occurrence of leiomyoma in this 
species. However, the rationality of this approach notwith- 
standing, such a concept cannot be considered evidence-based 
from the results of our study, given its limitations. In 
particular, the difference in time points of diagnosing 
leiomyoma and/or parity and scoring BCS must be consid- 
ered. According to the logic of the link between obesity and 
reproductive problems, it should be the BCS before the 
diagnosis of the problem that is the relevant correlate, but such 
BCS were not available for this study. Taking BCS scores in 
rhinos, elephants and other animals in which reproductive 
health is investigated should be considered as an additional 
important measure in future studies. While it appears desirable 
to breed young mature GOH-rhino females shortly after 
puberty, managing interbreeding intervals to resemble those 
in the wild (which are longer than in breeding captive females) 
is a valid option to prevent an overproduction of GOH-rhino 
calves without impairing the long-term reproductive success 
[Pluháček et al., 2016]. 
Chronic pododermatitis (CP) is a multifactorial 
disease, where suboptimal husbandry (especially inadequate 
flooring and a lack of pools) is probably the most influential 
etiologic factor, as this condition is not described in free- 
ranging animals and the incidence in the captive population 
is high; cracks, non-healing fissures, ulcers between the sole 
of the central toe and the adjacent pad, and pad overgrowth 
characterize this condition [von Houwald, 2001, 2016; 
Atkinson et al., 2004]. Obesity is considered a contributing 
factor once the disease is established, delaying the healing of 
the affected feet. At one facility with very intensive 
monitoring of foot health, an improvement and prophylactic 
effect with a change from hard substrate to a deep layer of 
woodchips in both the indoor and outdoor enclosure was 
observed [von Houwald, 2016], and a different questionnaire 
than the one used in the present study, filled in by eight 
zoological institutions, indicated fewer foot problems in 
those facilities that had instigated similar changes [von 
Houwald, 2016]. By contrast, in the present study, BCS and 
enclosure characteristics (such as the proportion of soft and 
hard substrate) did not differ for animals without and with 
mid- to long-term foot problems. The discrepancy between 
the two studies may be explained with the larger sample size 
in the present one, and in the questions used that did not ask 
for comments on changes in the problem with a change of 
substrate. A possible reason for the lack of a correlation is the 
chronic nature of CP, where adjustments in the enclosure, 
such as increasing the amount of soft substrates, have been 
made for animals that still have the problem. In order to 
document the status of CP in the captive GOH-rhino 
population, and potential correlates with husbandry mea- 
sures, a more detailed study including standardized scoring 
of GOH-rhino feet, similar as in von Houwald [2001], would 
be required. 
The BCS was significantly correlated to the total 
estimated dry amount of all diet items. For animals that 
ingest high proportions of roughage, it is impossible to 
estimate the energetic content of the diet without nutrient 
analyses, and therefore, a closer evaluation of the effect of 
individual roughages was outside of the scope of the present 
study. Clauss et al. [2005] found that even on roughage-only 
diets, some individuals had an energy intake well above their 
estimated metabolic requirements. The BCS could be used to 
adjust amounts fed or the ingredients chosen. If a reduction 
of the overall amount of food offered is not considered a good 
option because of behavioral considerations, then a roughage 
(grass hay or straw) of impeccable hygienic but lower 
nutritional quality should be chosen. It should be remem- 
bered that in the wild, GOH-rhinos mainly consume grasses 
[Laurie, 1982], and that observations on the consumption of 
wild fruit should be viewed with the actual quantity in mind 
[see Clauss and Hatt, 2006 for an example calculation]. 
Recently, Pradhan et al. [2008] did not report any fruit 
consumption in free-ranging GOH-rhinos, but showed that 
grass always represented the majority of the diet (from 53% 
in the cool dry season to 87% in the monsoon season), with 
browse representing the only relevant other diet component. 
Although the very recent nutrient analyses of diet items of 
free-ranging GOH-rhinos from Thakur et al. [2014] must be 
considered with caution (as nutrients add up to more than 
100% dry matter), the high fiber levels indicate that such a 
low-quality diet is probably not mimicked by grass hay of a 
high nutritional quality. Commercial fruits and also most 
commercial vegetables typically contain much higher levels 
of sugar and lower levels of fiber than wild fruit [Schmidt  et 
al., 2005; Schwitzer et al., 2009]. A diet based on grass hay 
(possibly mixed with straw) of a low nutritional quality, with 
a restricted small proportion of a pelleted compound feed (to 
ensure mainly mineral, but not energy provision), and a 
possible addition of browse, in the form of branches, is 
probably the best diet recommendation from both an 
enrichment and a health point of view [Clauss and Hatt, 
2006]. Consultation of the feeding guidelines mentioned in 
the EAZA best practice guidelines [von Houwald, 2015] is 
strongly recommended. 
 
CONCLUSIONS 
 
 
1. We present a body condition scoring (BCS) system (from 1 to 
5) for greater one-horned rhinoceros (GOH-rhinos) based on 
the evaluation of several body regions. The BCS was 
correlated, in animals above 4 years of age, with the ratio of 
body mass to shoulder height, supporting its use as a tool to 
estimate body condition. 
2. In a survey with 62 animals from 27 facilities, the average 
BCS indicated that animals ranged from an ideal to an obese 
body condition. 
3. While differences in the scores of individual body regions 
were evident  between  the  sexes,  the  general BCS did not 
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differ between males and females, between animals with or 
without foot problems, or between parous and non-parous 
females. In a very limited sample of animals with and without 
leiomyoma, animals without leiomyoma had a lower  BCS. 
4. There was a correlation between the BCS and the amount of 
food offered (as estimated from survey results). Adjusting 
both the amount and the nutritional quality of the feeds used 
for GOH-rhinos is an evident option to adjust their  BCS. 
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